Spontaneous eye blink rate (SBR) has been associated with central dopamine (DA) levels, 17 raising the intriguing possibility that SBR is related to cognitive functions dependent on 18 DA, such as spatial working memory (WM). We tested this hypothesis in two behavioral 19 experiments, examining the relationship between SBR, WM load and individual 20 differences in spatial WM performance in 126 young adults. In Experiment 1, we 21 examined the temporal profile of SBR during a spatial delayed recognition task requiring 22 maintenance of 1, 2, 4, 6 or 7 dot locations. We observed a suppression in SBR during 23 dot-and recognition probe-presentation, and a significant increase in SBR afterwards. 24
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High performers showed significantly lower SBR than low performers during the first 500 25 ms of the delay period. In Experiment 2, we used a similar spatial WM task as Experiment 26 1 to test whether an instructed voluntary blink during the early delay would directly 27 dampen WM performance. While the temporal dynamics of SBR across task events were 28 comparable to Experiment 1, WM performance was not significantly different between the 29 voluntary blink and no blink conditions. Together, these results suggest that spontaneous 30 but not voluntary eye blinking is closely linked to spatial WM, and that lower SBR during 31 WM encoding and early phase of maintenance is associated with better WM task 32 performance. 33 INTRODUCTIONthey had been presented. Each participant completed total of 80 trials, with an equal 180 amount of "yes" and "no" trials. WM load was manipulated as the number of dots 181 presented in the memory set (1, 2, 4, 6 or 7 dots, 16 trials each). 182
Data Analysis 183
Eye blink data and WM data were tested using SPSS Statistics 24. Accuracy and 184 reaction time (RT) of different WM loads were analyzed with a repeated-measures 185 ANOVA. We also calculated the K-score, which is an estimation of the number of items 186 an individual can simultaneously hold in their WM (Cowan, 2001; Pashler, 1988 were used to explore any significant effects further. Correlations of SBR with performance 206 measures were examined using a Pearson correlation, and significant correlations were 207 plotted with a linear fit. To test any outliers, we calculated Cook's distance, and excluded 208 subjects that were above the cutoff (4/n, where n is number of participants). None of the 209 subjects were outliers, therefore all subjects were included in the final analyses. 210
211

Experiment 2 212
Participants 213
Another sixty-six healthy participants were recruited via Stony Brook University's 214
Psychology subject pool, consented and received course credit for their participation. 215 baseline SBR while participants watched a video. Participants then practiced one block 224 of ten trials of the spatial WM task to be performed in the second (baseline WM) and third 225 (WM with blink instructions) part of the experiment. The second and third parts were the 226 actual spatial WM span task. Testing conditions were similar to Experiment 1, except the 227 monitor display mode was set to 1680  1050 pixels, 100 Hz refresh rate, and 32-bit color, 228 and a chinrest was used to control the distance between participants' eyes and the 229 computer monitor (3 feet). Visual stimuli were again presented within an 8  8 grid that 230 extends a visual angle of 10.21°  10.14° while the target dots and probe circles had 231 diameters of 0.720°  0.715° in visual angle. Participants were randomly assigned to 232 conditions in which the left key of the joystick was either "yes" or "no" to control for 233 handedness. Eye blinks and eye position were monitored and recorded using Eyelink 234 1000 (SR Research Ltd., Ontario, Canada). 235
Baseline Spontaneous Eye Blink Rate Measured While Watching Videos 236
Before the WM task, participants were shown a 10-minute video of natural scenes 237
(1 scene/min) while their eye gaze and blinks were monitored and recorded. To reduce 238 eye blinks evoked by gaze shifts, subjects were asked to relax and keep their eyes on the 239 center of the monitor. 240
Spatial Working Memory Task and Blink Instructions 241
The spatial WM span task used in Experiment 2 was identical to Experiment 1 242 except for: (1) a shorter stimulus presentation (200 ms instead of 500 ms) with a total trial 243 duration of 4700 ms, and (2) the color of the cross in the center of the screen for each 244 trial turned from gray to black for 500 ms after stimulus presentation for all trials (Figure  245 3a). All participants first performed 80 trials with no instructions ("baseline task"). 246
Participants were randomly assigned to the blink group and no blink group in which they 247 performed an additional 80 trials accordingly ("instruction task"; Figure 3b ). The 248 participants in the blink group were given the following instructions: "please blink right 249 after the target dots disappear from the screen." The participants in the no blink group 250 were told to "try your best NOT to blink during the period when the cross is black in color 251 (i.e., first 500 ms of the delay period)." The degree to which the participants followed the 252 instructions were carefully evaluated and calculated as the percentage of trials they 253 followed the instructions (instruction accuracy, blink or no blink during the first 500 ms of 254 the delay period). When analyzing data from the instruction task, outliers based on 255 instruction accuracy (2 SD away from mean) were excluded from final analysis. 256
Data Analysis 257
Except for eye blink quantification, the data analysis method and statistical tests 258 were identical as Experiment 1. Number of blinks per trial and time bins were extracted 259 using EyeLink DataViewer (SR Research, Ltd., Ontario, Canada, v1.11.900). 260 = 30, M = 3.01, SD = .53). 271
Temporal Pattern of Blink Activity During Spatial WM 272
To examine how blink rate varies over the time course of spatial WM, we calculated 273 SBR using 500-ms time bin. SBR increased after target stimulus offset, decreased over 274 the delay period and increased again after probe presentation and dropped over the ITI 275 F(10.89, 642.51) = 3.14; p's < .001) was significant. 279
As previous studies suggested that blink suppression with increasing cognitive 280 load during stimulus display and subsequent rebound, we examined SBR across the WM 281 load conditions more closely during the stimulus display and the 500 ms after for both the 282 stimulus and probe display (Figure 2a) . A post hoc ANOVA revealed a main effect of WM 283 blink suppression towards higher WM load, but not significant for 500 ms after probe 285 display (F < 1). A main effect of WM load was not significant during the stimulus display, 286 but trending towards the significant threshold during the first 500 ms of the delay period 287 (F(2.438,143.856) = 2.84, p = .051). However, there was a significant main effect of 288 performance group (F(1,58) = 5.68, p = .02), WM load (F(2.624,152.170) = 3.14, p = .03), 289 and a load by performance group interaction (F(2.264,152.170) = 7.207, p < .0001; Figure  290 2b) for this early delay period. With multiple comparisons corrected (Bonferroni), 291 significant differences between the two performance groups were evident at WM load 4 292 and above. There was also a significant negative correlation across subjects between 293 their SBR during the first 500 ms of the delay period and WM capacity (r = -.298, n = 60, 294 p = .02; Figure 2c ). For the first 500 ms after the probe display, there was only a trend 295 towards a significant effect of load by performance group interaction (F(3.235,187.633) = 296 2.48, p = .058). 297
298
Experiment 2 299
Spatial WM Performance 300
In the baseline performance, there was a significant main effect of WM load for 301 both accuracy (F(4, 192) = 73.95, p < .0001) and RT (F(2.836,136.136) = 80.62, p < .0001; 302 Figure 3b ). The average K-score ranged from 0.5 to 4.96 (SD = 1.14). The participants 303 were again grouped into high and low performers using a median split of their baseline 304 task performance. Those with an averaged K-score larger than the median (3.25) were 305 placed in the high K-score group (n = 25, M = 4.13, SD = .53) whereas those below the 306 median were in the low K-score group (n = 24, M = 2.30, SD = .79).the final analyses of the instruction task (two subjects from the blink group were removed 309 as an outlier for poor instruction accuracy). We subtracted the accuracy and RT of 310 baseline task performance from instruction task performance for each participant in order 311 to adjust for individual variability at baseline. There were no significant differences 312 between the two instruction groups for both adjusted accuracy (F(1,45) = 2.71, p = .12, 313 
WM event and load dependent temporal changes in SBR 337
To the best of our knowledge, this is the first study to describe the temporal 338 dynamics in SBR during a spatial WM task with different WM load conditions. In 339
Experiment 1, we showed that SBR is suppressed during stimulus display, early delay 340 and probe display, poorer WM capacity. Also, participants with higher K scores showed significantly lower 367 SBR than participants with lower K scores during this period and in a WM load dependent 368 manner. Our finding of this link between successful suppression of SBR during WM 369 maintenance and better WM performance supports the general notion that SBR 370 suppression is relevant for optimal cognitive processing (Stern, Walrath, & Goldstein, 371 1984). However, we did not observe the same relationship in Experiment 2. The median 372 K-score in Experiment 2 was lower than that in Experiment 1, which may suggest that 373 overall, participants in Experiment 2 were not as successful at suppressing SBR during 374 early delay period compared to participants in Experiment 1. As there were some 375 technical differences in SBR measurements and task parameter differences between thetwo experiments, these other factors might have also contributed to the discrepancy. 377
Further, sample size may also be another important factor for consideration when 378 studying SBR differences across task events. has not been widely examined apart from one previous study by Irwin (2014) . In Irwin's 418 study, participants' K-scores were lower when instructed to blink compared to not blinking 419 during the retention period in a change-detection task. However, their study did not control 420 for individual differences in baseline performance and the instructions were different from 421 our study. In their no blink condition, participants were instructed to not blink throughoutbetween the two conditions in comparison to when no instructions were given. Given the 446 debate on what exact neuromodulatory mechanisms link central DA level and SBR, our 447 findings again raise the possibility that the association between SBR and spatial WM 448 performance may reflect central DA activity. This would need to be confirmed with PET 449 imaging and pharmacological manipulations. 450
Summary 451
Here we used a spatial WM task to examine the temporal patterns of SBR across 452 visual information processing events. We replicated previous findings by showing blink 453 suppression during WM encoding and retrieval, followed by a rebound in blinks. In 454 Experiment 1, we showed that SBR varies in a load-dependent manner such that lower 455 SBR during early WM maintenance was associated with higher WM capacity. 456
These findings indicate that the temporal dynamics of SBR during cognitive tasks is not 457 random, but rather a strategic adaptive behavior for optimal information processing. In 458 Correlation between SBR during time bin 1500 ms ("delay 1," dotted-line box in (a)) and 725 average K-score; the average of load 4, 6 and 7). 726 between SBR while viewing natural scenes (average of SBR during 7 to 10 minutes) and 748 average K-score (average of WM load 4, 6, and 7). 749
